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@ Packaging of semiconductor chips. 

(g) A semiconductor device is fabricated by placing a semiconductor chip (7) in a lead frame which has 
no die pad Electrodes of the chip are connected by bonding wires to respective lead fuigers (3). 
Additionally, the lead frame has movement restricting fingers which limit horizontal movement of the 
chip within the lead frame during injection of resin into a mould surrounding the chip. Furthennore, the 
mould has horizontal movement restricting projections (12) to limit vertical movement of the chip within 
the mould cavity. The restriction on horizontal and vertical movement of the chip reduces the risk of the 
bonding wires being broken or short circuited during the resin injection process. 
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This invention relates to packaging or semicon- 
ductor chips, and in particular various aspects of the 
present invention relate to a packaged semiconductor 
' device, a conibination of a semiconductor chip and a 
lead frame therefor, a method of manufacturing a s 
semiconductor device, and a mould for moulding a 
resin package around an assembly of a semiconduc- 
tor chip and a plurality of lead fingers. 

There are a number of known manners of man- 
ufacturing a semiconductor device, in which a semi- io 
conductor chip is sealed in a resin package. Figure 4 
of the accompanying drawings shows a known "die 
pad" construction in which a chip c is bonded to a die- 
pad a by a bonding material d, such as a sliver paste 
or a gold-silicon eutectic alloy. The die-pad a is con- is 
nected to a peripheral portion of a lead frame by con- 
necting fingers a^ A plurality of lead fingers b project 
from the peripheral portion of the lead frame, and each 
lead finger b is connected to a respective electrode of 
the chip c by a respective bonding wire e. The chip c, 20 
die-pad a, bonding wires e and inner ends of the fin- 
gers a^, b are then placed In a moulding die and sealed 
in a resin package. 

Another known "chip-on-lead" type of construc- 
tion is shown in Figure 5, In this case, an insulator f, '25 
such as a polyimide sheet, is placed on the inner ends 
of lead fingers b, a semiconductor chip c is placed on 
the insulator f and the electrodes of the semiconduc- 
tor chip c are connected to respective inner ends of 
the lead fingers b by respective bonding wires e. 30 
Again, the assembly is then sealed in a resin package. 

A further known ^ead-on-chip•' type of construc- 
tion is shown in Figure 6. In this case, a surface of a 
semiconductor chip c, excluding the electrodes the- 
reon, is covered with an insulator f, lead fingers b are 35 
placed on the insulator f, and the lead fingers b are 
connected to respective electrodes by respective 
bonding wires e. Once again, the assembly Is then 
sealed in a resin package. 

Lastly, Figure 7 shows a known "directly connec- 40 
ted" form of construction, in which electrode pads g of 
a semiconductor chip c project upwardly from the 
upper surface of the chip c, and the inner ends of lead 
fingers b are directly connected to the electrode pads 
g. The assembly is then sealed in a resin package. 45 

It is desirable that the height of the semiconductor 
device is as small as possible. However, in the die pad 
construction described above, the thickness of the die 
pad g and bonding material d add to the height of the 
package. In the chip-on-lead and lead-on-chip forms so 
of construction described above, the thickness of the 
insulators f and the lead fingers b add to the height of 
the package. In the directly connected form of con- 
struction described above, the thickness of the lead 
fingers b and the height of the electrode pads g add 55 
to the overall height of the semiconductor package. 
Also, the die pad construction suffers from the profc>- 
lem that thermal stress is induced in the device due 



•to differences in the coefficients of thermal expansion 
of the die pad a, the semiconductor chip c and the 
resin of the package, which can cause a breakdown 
in bonding between the chip c and the die pad a, be- 
tween the die pad a and the resin package, or be- 
tween the chip c and the resin package. 

' The problems with which various aspects of the 
present invention are concerned are: to enable a 
semiconductor device to be produced which has a 
decreased height; to alleviate thermal stresses in the 
semiconductor package; and/or to enable the semt- 
conductor device to be produced reliably, such that 
there is a small risk of the bonding wires being broken 
or short circuited while the resin package is being for- 
med around the assembly of the chip, bonding wires 
and lead fingers. 

In accordance with one aspect of the present 
invention, there is provided a semiconductor device, 
in which the inner ends of the lead fingers lie behveen 
the planes of the upper and lower surfaces of the 
semiconductor chip, and the resin package directly 
* contacts both the upper surface and the lower surface 
of the chip. Thus, a reduce height package is pro- 
vided, and no thermal stress is indulged due to the pre- 
sence of a die pad. 

The lead fingers may be provided by portions of 
a lead frame, and preferably additional finger portions 
are provided which do not normally contact the chip, 
but which restrict lateral movement of the chip with 
respect to the lead frame during moulding of the resin 
package around the assembly. 

In accordance with another aspect of the present 
invention, there is provided a mould for moulding a 
resin package around an assembly comprising a 
semiconductor chip having a plurality of electrodes, a 
plurality of lead fingers projecting away from the chip, 
and a plurality of bonding wires each connecting a 
respective one of the electrodes to a respective one 
of the lead fingers. The mould comprises first and sec- 
ond complementary mould . parts. At least one projec- 
tion projects from at least one of the mould parts 
interiorly of the mould cavity provided by the mould 
parts for restricting movement of the chip I'n the mould 
cavity when resin is injected into the mould cavity. 

Other features of the present invention are 
defined in the accompanying claims. 

There follows a description of a prefen-ed embo- 
diment and example of the present invention with 
reference to the accompanying drawings, in which: 
Fig. 1 is a partial perspective view of a lead frame 
to which are connected a pair of semiconductor 
chips; 

Fig, 2 is a sectional view of a moulding die loaded 
v/ith a lead frame and a semiconductor chip; 
Fig. 3 is a sectional view of a resin package as for- 
med by the moulding die of Fig. 2; 
Fig. 4 is a sectional view of a known die pad fonm 
of assembly of a lead frame and semiconductor 
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chip; 

Fig, 5 is a perspective view of a known chip-on- 
. lead form of assembly of semiconductor chip and 
lead frame; 

Fig. 6 is a perspective view of a known lead-on- 5 
chip fonm of assembly of a semiconductor chip 

and lead frame; and 

Fig. 7 is a sectional view of a known direct con- 
nection fonn of assembly of a semiconductor chip 
and lead frame. io 
Refemng to Figures 1 to 3, a lead frame 1 for 
manufacturing a plurality of semrconductor devices 
has apertures 2 for receiving semiconductor chips 7 
in a longitudinal arrangement at regular intervals. The 
apertures 2 are provided instead of the die pads in the is 
known die pad form of construction. Each aperture 2 
is of a size such that the respective chip 7 could be 
passed through the aperture. 

The lead frame 1 has peripheral frame merhbers 
5 surrounding each aperture 2, tie bars 4 connecting 20 
portions of the lead frame for each chip, lead fingers 
3 projecting towards each aperture 2 and horizontal 
movement restricting fingers 6 projecting inwardly 
from the side portions of the frame members 5 
towards the apertures 2. 25 

Each semiconductor chip 7 Is placed in the res- 
pective aperture 2. The size of the aperture 2 (defined 
by inner ends of the lead fingers 3 and movement res- 
tricting fingers 6) is such that the lead fingers 3 and 
the movement restricting fingers 6 do not contact the 30 
chip 7. 

Each chip 7 has a plurality of electrodes 9, and 
each electrode is connected to the inner end of a res- . 
pective one of the lead fingers 3 by a respective bond- 
ing wire 8. Thus, each semiconductor chip 7 is .35 
connected to the lead frame 1 solely by the bonding 
wires 8. 

Then, the lead frame 1, with the chips 7 connec- 
ted thereto, is placed in a moulding die, as shown in 
Figure 2. The moulding die comprises a lower die part 40 
10 and a complementary upper die part 11, and the 
lead fingers and movernent restricting fingers pass 
through channels 14 between the die parts 10,11. 
Both die parts 10,11 are provided with vertical move- 
ment restricting pins 12, which project towards the 45 . 
chip 7, but which are slightly separated from the upper 
and lower surfaces of the chip 7. After the chip 7 has 
been placed in the moulding die, supported solely by 
the lead frame 1 and the bonding wires 8, resin is 
injected into the mould cavity of the moulding die to so 
seal the semiconductor chip, the bonding wires 8, and 
the inner ends of the lead fingers 3 within a resin pack- 
age 13 as shown In Figure 3. 

Although the resin has a sufficiently low viscosity 
in the initial stage of injection of resin into the mould 55 
cavity, the resin tends to urge the chip 7 vertically 
either towards the lower die part 10 or the upper die 
part 1 1 , due to slight differences in resistance against 



the flow of the resin between the upperand lower sur- 
faces of the semiconductor chip 7. However, vertical 
movement of the chip 7 is restricted by the vertical 
movement restricting projections 12, so that the chip 
7 cannot significantly move towards the lower die part 
10 or upper die part 11, As injection progresses, the 
resin becomes distributed unrfonmly within the mould 
cavity, and the resin tends to fill the gaps between the 
tips of the vertical movement restricting projections 12 
and the upperand lower suifaces of the chip 7. Once 
injection of the resin has been completed, the chip 7 
tends to return to its original position within the mould- 
ing die, and therefore partial exposure of the chip 7 at 
the locations of the movement restricting projections 
12 is unlikely to occur. The viscosity of the resin being 
injected may also tend to urge the chip sideways in 
the mould cavity. However, sideways movement of 
the chip is restricted not only by the bonding wires 8, 
but also by the horizontal movement restricting fin- 
gers 6- Even if the tip of one or more of the horizontal 
movement restricting fingers 8 possibly remains in 
contact with a side surface of the chip 7 after the resin 
has hardened, no problem arises because the por- 
tions of the horizontal movement restricting projec- 
tions which project outside the resin package 13 are 
subsequently ciit off. 

After the resin has hardened, the lower and upper 
die parts 10,1 1 are separated, and the lead frame with 
the packages moulded thereon are removed. Then, 
the horizontal movement restricting portions 6 are cut 
off flush with the side of each package 13, and the 
lead fingers 3 are severed each at a location spaced 
from the resin package so as to fonm individual con- 
necting leads for the chips. 



Claims 

1. A semiconductor device, comprising: 

a resin package- (13); 

a semiconductor chip (7) sealed within the 
package, the chip having upper and lower sur- 
faces lying in upper and lower planes, respect- 
ively, and the chip having a plurality of electrodes 

(9); • 

a plurality of lead fingers (3) each having 
an outer end disposed outside the package and 
each having an inner end disposed within the 
package and lying between the upper and lower 
planes; and 

a plurality of bonding wires (8) each con- 
necting a respective one of the electrodes to a 
respective one of the inner ends of the lead fin- 
gers; 

wherein the resin package directly con- 
tacts both the upper surface and the lower sur- 
face of the chip. 
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2. ■ A combination of a semiconductor chip and a lead 

frame for use in manufacturing a semiconductor 
device from the chjp» the lead frame (1) compris- 
ing: 

a peripheral portion (5) surrounding a reg- 5 
ion for receiving the chip; and 

a plurality of finger portions (3, 6) project- 
ing from the peripheral portion towards the region 
and terminating outside the region such that the 
chip (7) can be disposed in the region without io 
contacting the finger portions and such that the 
lead frame provides a through aperture in the reg- 
ion for receiving the chip. 

3. A combination as claimed in daim 2, wherein the 15 
chip has a plurality of electrodes (9), and the 
plurality of finger portions comprises a plurality of 
lead finger portions (3) connectable to the elec- 
trodes by a plurality of bonding wires (8), and a 
plurality of movement restricting finger portions ' 20 • 
(6) for restricting movement of the chip during 
manufacture of the device. 

4- A method of manufacturing a semiconductor 
device, comprising the steps of: * 25 

providing a semiconductor chip (7), the . 
semiconductor chip having an upper surface and 
a lower surface and having a plurality of elec- 
' trodes (9); 

providing a lead frame (1), the lead frame 30 
cprnprising a peripheral portion (5) surrounding a 
region for receiving the chip and a plurality of lead 
finger portions (3) projecting from the peripheral 
portion towards the region and terminating out- 
side the region; 35 
. placing the chip In the region; 

connecting each of the electrodes to a res- 
pective one of the lead finger portions with a res- ■ 
pective bonding wire (8); 

sealing the chip and bonding wires in a 40 
resin package (13) such that the lead finger por- 
tions project out of the package and such that the 
resin package directly contacts both the upper 
surface and the lower surface of the chip; and 

severing each of the lead finger portions 45 
from the peripheral portion of the frame. 

5- A method of manufacturing a semiconductor 
device, comprising the steps of: 

providing a semiconductor chip (7), the so 
semiconductor chip having a plurality of elec- 
trodes (9); 

providing a lead frame (1), the lead frame 
comprising a peripheral portion (5) surrounding a 
region for receiving the chip and a plurality of lead 55 
finger portions (3) projecting from the peripheral 
portion towards the region and terminating out- 
side the regron; 



placing the chip in the region; 

connecting each of the electrodes to a res- 
pective one of the lead finger portions via a res- 
pective bonding wire (8) such that the chip is 
mechanically connected to the peripheral portion 
solely by the bonding wires and the lead finger 
portions; 

sealing the chip and the bonding wires in 
a resin package (13) such that the lead finger por- 
tions project out of the package; and 

severing each of the lead finger portions 
from the peripheral' portion of the frame. 

6. A method as claimed in daim 5, wherein the semi- 
conductor chip has an upper surface and a lower 
surface, and in the sealing step the resin package • 
. is caused to contact directly both the upper sur- * 
face and the lower surface of the chip. 

7- A method as claimed in any of claims 4 to 6. whe- 
rein the sealing step comprises the steps of: 

providing a mould (10, 11) having a wall 
defining a mould cavity and at least one projection 
(12) projecting from the wall; 

placing the chip and bonding wires in the 
mould cavity such that the projection does not 
contact the chip; and 

Injecting resin into the mould cavity; 

whereby the projection restricts movement 
of the chip in the mould cavity during the injection 
step. 

■ 8. A method as claimed in any of claims 4 to 7, whe- 
rein the lead frame has a plurality of movement 
restricting finger portions (6) projecting from the 
peripheral portion towards the region, wherein in 
the connecting step the lead finger portions are 
connected to the electrodes such that the move- 
ment restricting finger portions do not contact the 
chip, and wherein during the sealing step the 
movement restricting finger portions restrict 
movement of the chip in the region. 

9, A mould for moulding a resin package around an 
assembly comprising a semiconductor chip hav- 
ing a plurality of electrodes, a plurality of lead fin- 
gers projecting away from the chip, and a plurality 
of bonding wires each connecting a respective 
one of the electrodes to a respective one of the 
lead fingers, the mould comprising first and sec- 
ond complementary mould parts (10, 11) rela- 
tively movable into an operative position in which 
a mould cavity is defined between the mould parts 
for receiving the chip and bonding wires and a 
plurality of channels (1 4) are defined between the 
mould parts for receiving the lead fingers, and at 
least one projection (12) projecting from at least 
one of the mould parts interioriy of the mould 
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cavity for restricting movement of the chip in the 
mould cavity. 
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